IMPORTANCE The traditional practice model for pediatric otolaryngologists at high-volume academic centers is to simultaneously balance outpatient care responsibilities with those of the inpatient service, emergency department, and ambulatory care clinics. This model leads to challenges with care coordination, timeliness of nonemergency operative care, and consistent participation in care and consultation at the attending surgeon level. The "surgeon on service" (SOS) model-where faculty members rotate to manage the inpatient service in lieu of outpatient responsibilities-has been described as one method to address this conundrum. The operational and economic feasibility of the SOS model has been demonstrated; however, its impact on care coordination, time from consultation to surgical care, and length of stay (LOS) have not been evaluated.
O tolaryngologists practicing at urban, academic medical centers are required to balance supervision and provision of hospital-based inpatient and emergency department (ED) care with care-access needs at ambulatory care practice locations, which are often in satellite centers. In large metropolitan areas, practice growth and expansion to satellite locations improves access to subspecialists, but it also challenges the ability of a finite group of attending surgeons to provide supervision and oversight to the hospital-based practice at the primary academic hospital. This has affected timeliness to completion of semielective surgical procedures for inpatients, especially tracheostomy, at our hospital.
The hospitalist model is a widely accepted mode of care delivery for medical patients. It has a proven track record of decreased length of stay (LOS), reduced hospital cost, improved patient satisfaction scores, and improved perception of intraprofessional communication and teamwork. [1] [2] [3] The first introduction of a hospitalist care model to surgical practice demonstrated improved outcomes through comanagement of patients between medically trained hospitalists and orthopedic surgeons. 4 Implementation of a hospitalist model in general surgery has similarly improved timeliness of care as measured by ED LOS and time to appendectomy. 5, 6 A full-time hospitalist model in an adult otolaryngology-head and neck surgery department has demonstrated similar success. 7 While the experience of a pediatric otolaryngology hospitalist model has not been extensively reported, a group at the Boston Children's Hospital was the first to report a care delivery model using a rotating dedicated attending surgeon to provide supervision and oversight to the hospital-based practice. 8 That study demonstrated improved oversight and high volume of billable patient care encounters that supported the financial viability of such a model. However, with the complexity of hospital-based practice reimbursement structures and revenue cycles, and disparity in the number of faculty members, trainees, and advanced practice clinicians in academic centers, the financial feasibility of adopting such a model may not be fully generalizable. 9 Aside from financial feasibility, it has been demonstrated that the clinical, educational, and organizational practice needs of the hospital-based practice are tacitly improved by having an attending surgeon provide oversight. 8 To our knowledge, the impact of such a care delivery model on the principles of quality outlined by the Institute of Medicine (IOM), 10 specifically pertaining to the principles of timeliness and efficiency, has not been studied in pediatric otolaryngology. The purpose of this study was to investigate whether the presence of a dedicated, rotating inpatient attending surgeon, the "surgeon on service" (SOS), improved the quality of care in a way that was sufficiently productive and fiscally feasible in our urban practice. Using timeliness of tracheostomy and facilitation of coordinated surgical care as quality measures, we hypothesized that the SOS model would result in a decreased time to tracheostomy and that more tracheostomies could be performed in conjunction with gastrostomy tube placement by pediatric surgery. Similar to the Boston Children's Hospital study, we predicted that this model would be fiscally sound owing to the capture of previously unbilled procedures and patient encounters.
Methods

Intervention
The SOS model was implemented at our medical center in September 2015 in a pilot study. Similar to the model at Boston Children's Hospital described by Adil and colleagues, 8 an attending pediatric otolaryngologist was designated to provide clinical provision and oversight of the hospital-based practice, which included otolaryngology inpatient service, existing and new consults, ED consults, and all surgical procedures generated from these consultations between 7:00 AM and 5:00 PM for a 1-week rotation. 8 The responsibilities of the SOS surgeon were 3-fold:
(1) perform daily rounds of inpatients, staff all inpatient and ED consults, and perform and/or supervise all resultant bedside and surgical procedures; (2) provide consultations and bedside procedures at the affiliated Women's Hospital, which is connected to the primary hospital by a pedestrian walkway; and (3) provide educational and clinical oversight of trainees, which included 2 fellows (postgraduate year 6 [PGY6]), 3 residents (2 PGY3, 1 PGY1 or PGY2), and advanced practice clinicians. The SOS model was modified slightly from that described by Adil et al 8 in that the surgeon was also permitted to maintain 1 half day of ambulatory clinic and 1 half day of prescheduled operative cases per week at the primary hospital site. We chose to modify the model to determine the feasibility of maintaining care access in our urban setting, where access to care for publicly funded patients is managed primarily by academic and publicly funded health clinics. Because this was a pilot study to test the feasibility of the SOS model in our practice without disruption of our care access model for those with well-established practices and referral patterns, we chose to have 1 surgeon serve in the SOS role for the pilot study duration.
Data Collection and Analysis
After implementation of the SOS model, a retrospective analysis was conducted to compare the preimplementation period of January 1 through June 30, 2015, with the postimplementation period of January 1 through June 30, 2016. The model was assessed for its effect on timeliness and efficiency of care as well as productivity. Ann & Robert H. Lurie Children's Hospital of Chicago institutional review board approval was obtained prior to initiation of the pilot study analysis, waiving
Key Points
Question Does implementation of a "surgeon on service" model, that is, maintaining a dedicated inpatient pediatric otolaryngologist, improve health care quality at an urban, academic pediatric medical center?
Findings In this analysis of medical records of pediatric tracheostomy patients and survey of their treating physician trainees before and after implementation of a surgeon on service model, we found that time to tracheostomy was reduced by 43% after implementation of the model, and fiscal analysis demonstrated that this program was productive.
Meaning
The surgeon on service model represents an alternative approach to improving quality at urban, academic pediatric medical centers.
written informed consent from both patients and trainees because all records and surveys were reviewed retrospectively. Patient data included in the analysis were from those who underwent tracheostomy tube placement as the outcome of an inpatient consultation in the 6-month preimplementation period and 6-month postimplementation period. To assess the IOM quality principle of timeliness, the number of days between the decision for tracheostomy and the actual surgical procedure were compared between the preimplementation and postimplementation periods. The date of decision for tracheostomy was defined as the date on which the patient was deemed medically stable for surgery by the primary service, and the legal guardian agreed to and consented for surgery.
To assess the IOM quality principle of efficiency, the preimplementation and postimplementation groups were further evaluated for gastrostomy tube placement during the concurrent hospital care episode and whether the surgical procedures were coordinated during the same surgical anesthetic episode. Patients were included for analysis if they underwent both tracheostomy and gastrostomy tube placement within a single admission. Patients were excluded if gastrostomy tube placement was not performed during the same hospital care episode. Efficiency was also assessed by measuring the impact of SOS model implementation on LOS by comparing total LOS in the preimplementation and postimplementation periods.
To determine if the SOS model of care was fiscally viable, productivity was measured in work relative value units (wRVUs). The monthly wRVUs for the SOS surgeon was normalized to the monthly median wRVUs for the remainder of the division. Total wRVUs for the 6-month postimplementation period were also compared for the SOS surgeon and the remainder of the division.
Impact of the SOS model on trainees was retrospectively assessed through review of comments on internal annual resident and fellow end-of-year program assessment surveys.
Statistical Analysis
All collected data were maintained in an Excel spreadsheet. Statistical analysis was performed using effect size and 95% confidence intervals (CIs).
Results
During the preimplementation period, 15 tracheostomies were performed, while 26 tracheostomies were performed postimplementation. Median time to tracheostomy in the preimplementation period was 7 days (range, 2-20 days). This was significantly longer than the median time to tracheostomy of 4 days (range, 1-10 days) postimplementation (difference between medians, before to after, −3 days; 95% CI, −5 to 0 days) (Figure 1) . While tracheostomies were performed in a more timely fashion in the postimplementation period, there was no difference in LOS between the 2 time periods: 66.8 days in the preimplementation period and 70.6 days in the postimplementation period (difference between medians, before to after, −4.1 days; 95% CI, −43.6 to 31.8 days).
Of the 15 tracheostomies performed in the preimplementation period, 7 patients underwent gastrostomy tube placement during the same admission. Of these, 3 gastrostomy tubes were placed during the same anesthetic episode (43%). In the postimplementation period, 16 patients had gastrostomy tube placement during the same admission as tracheostomy. Of these, 12 were coordinated under the same anesthetic episode (75%). The frequency of coordination before and after implementation was not significantly different (attributable risk 0.32; 95% CI, −0.03 to 0.78).
Productivity analysis revealed that the normalized monthly wRVUs for the SOS surgeon were near or above the median wRVUs for the rest of the division (range, 0.6-1.9) (Figure 2) . Total normalized SOS wRVUs for the 6-month postimplementation period were greater than that of the rest of the division (1.09).
A review of fellowship and residency trainee survey responses from the preimplementation period noted frequent challenges and dissatisfaction with the communication channels to the primary team when the consulting surgeon was not immediately available to perform tracheostomy. Trainees noted further dissatisfaction when the lag time to schedule tracheostomy was dependent on either the surgeon's open block time or the availability of another surgeon to assume care. This problem was 
Discussion
While the growth of satellite ambulatory clinical practices for academic pediatric medical centers improves patient access to subspecialty care in large, urban communities, it also challenges the physician's ability to simultaneously supervise patient care responsibilities at the primary hospital location. Such a limitation is in conflict with a growing body of literature demonstrating a patient safety benefit to oversight of trainees by an attending physician. [11] [12] [13] Similar to the study from Boston
Children's Hospital, 8 our motivation to implement the SOS model was to provide continuity of care to a high-acuity patient population and to balance satellite practices. The demonstration of the SOS model's tacit benefit to clinical care and education at Boston Children's Hospital, 8 along with acceptable measures of wRVU productivity, provided a platform for buy-in for members of our division to pilot the model. Building on the success of the Boston Children's Hospital study, 8 we sought to determine if implementation of the SOS model improved the quality of patient care in a way that was productive. Selection of days to tracheostomy for children with prolonged ventilation as a measure of timely care was chosen for 2 reasons: (1) tracheostomy is the most frequent nonurgent surgery resulting from inpatient consultation at our hospital, and (2) there was an institutional perception of delay in scheduling this surgery. Prior to SOS implementation, scheduling of nonurgent and nonemergency procedures such as tracheostomy was often delayed by the surgeon's conflicting clinical ambulatory care responsibilities or lack of available block time. Because such a delay has significant downstream medical and financial implications, the team frequently was left to search for an available surgeon to assume care. Residents and fellows are the consistent hospital-based team and were often put in the dissatisfying position of managing this conundrum. Since the concerns about scheduling that had been reported by the trainees were no longer reported after implementation of the SOS model, we concluded that this model anecdotally addressed a significant service-over-education concern of our trainees, which is common in busy urban pediatric practices. Implementation of the SOS model was associated with improved quality of care as demonstrated by a decrease in the median time from decision to placement of a tracheostomy tube by 43%. This timely performance of surgery was realized despite an increased overall volume of tracheostomies performed during the SOS pilot study period. Such a finding is advantageous, given that recent literature has suggested that early tracheostomy reduces health care costs, morbidity, overall duration of mechanical ventilation, and LOS in the intensive care unit (ICU) among pediatric patients. [14] [15] [16] In a study by Halloway et al, 14 each additional day awaiting tracheostomy in the pediatric ICU (PICU) was associated with a 0.5-day increase in ICU LOS and a 1.9-day increase in overall LOS. 14 This suggests that even a modest reduction in time to tracheostomy has the potential for a large impact on health care costs.
Despite improvement in time to tracheostomy, there was no significant improvement in overall LOS among the patients analyzed. This finding is likely multifactorial in that a large portion of patients analyzed were in the neonatal ICU, and their degree of prematurity likely had a larger bearing on LOS than time awaiting procedure. Owing to the small sample size, analysis of the PICU population alone was not possible in this study. It should further be mentioned that most of the studies investigating early pediatric tracheostomy define "early" as within 14 days of intubation.
14, 15 The present study did not specifically investigate early vs late tracheostomy, which pertains more to the decision making of the critical care team. Instead, we investigated whether provision of timelier tracheostomy was possible with the SOS model of care. Such a finding is significant because the availability of the surgical team is essential in the event that the critical care team decides on early tracheostomy. In addition to measures of timeliness, we also assessed whether the SOS model improved the ability to perform combination tracheostomy and gastrostomy tube placement in eligible patients. Such ability to combine procedures in a single anesthetic episode is advantageous both from a cost-containment perspective and to address the growing concern about the effect of anesthesia on the developing brain. [17] [18] [19] Owing to small sample size, we were unable to conclude whether the SOS model definitively improved the ability to coordinate surgical cases, but the trend toward an increased frequency of combination cases suggests a potential area for further investigation. The Boston Children's Hospital study 8 clearly demonstrated that a dedicated, rotating inpatient surgeon can provide a high enough volume of productive work to make it worthwhile to have an assigned attending surgeon serve in this role. The group at the Boston Children's Hospital found a similar wRVU measure of productivity between the physician on service and those in the traditional practice model. In comparison, we found that the wRVUs in our model were greater than the median value for the rest of the physicians in the division, demonstrating that the model is sound from a productivity standpoint. Such a finding highlights the magnitude of missed opportunities in the form of uncaptured evaluation and management services and bedside procedures at our hospital. Our model was modified from that of the Boston Children's Hospital by permitting the SOS surgeon to maintain 1 half day of outpatient clinic at the main hospital location and 1 half day of elective surgical cases per week. This factor may explain the above-median wRVUs seen in our model compared with the similar measure of productivity found in the Boston Children's Hospital model. 8 Such a modification demonstrates the feasibility of successful implementation in institutions with varying or lower inpatient volumes or urban practices such as ours that have a mission to provide access to care for publicly funded patients. Despite demonstrated wRVU productivity, a perceived barrier to adoption of an SOS model at other pediatric otolaryngology centers may be that wRVUs do not fully represent revenue required to support salary-sustaining income in some compensation models. Having a single surgeon serve in the role of SOS during the study period allowed us to gain unique insights. For example, we found that the revenue generated by the SOS surgeon was at the median salary of the entire divi-sion for the 2016 fiscal year. Even in instances where inpatient volume and compensation models cannot independently support an SOS surgeon, justification of the role for the downstream revenue to the hospital may be considered. Subsidization of hospital-based physicians has been warranted in medicine owing to its implications for downstream revenue secondary to reduced LOS and increased throughput. 3, 20 Further analysis of the impact of an SOS model on these efficiency measures may provide rationale for similar support. Zalzal and Shah, 9 in their commentary on the Boston Children's Hospital model, 8 attributed part of the success to the large number of advanced-practice clinicians. We demonstrated that the SOS model can be successfully implemented without this resource; however, it should be noted that the attending surgeon in our model shared much of the burden of the day-to-day work, such as bedside procedures and completion of consults. From a quality-of-life perspective for the attending surgeon assigned to the SOS role, an advanced-practice clinician may be of great benefit. As a result of our pilot study, our institution has added a nurse practitioner to our inpatient service complement. Although we did not formally survey beyond our department for purposes of this study, the overall impression of the SOS model was positive across the institution. For example, informal feedback from consulting services was positive, citing improved ability to have face-to-face contact with attending physicians, closed-loop conversations about patient care, and improved availability for care conferences for complex-care patients. In addition, the frequency, caliber, and quality of our interprofessional collaboration and communication was recognized at the highest administrative institutional level, to the extent that other surgical subspecialties are now being asked to consider this model.
The attending pediatric otolaryngologists cited improved perceived quality of life owing to elimination of the need to balance ambulatory practice with daytime coverage of hospital-based urgent and emergency care and consultations. Formal quality-of-life evaluations of the faculty could not be conducted owing to the retrospective nature of this study; this represents a potential area of further research. Similarly, the effect of the SOS model on patient and parent satisfaction represents a potential patient-centered quality measure that can be investigated in the future.
It should be noted that while the 6-month pilot study used a single surgeon in the SOS role, our division has since adopted coverage of the SOS model among all surgeons on a weekly, rotating basis. Transition from a single physician to a rotating team within the SOS model has not affected the productivity or the quality of care provided.
